Introduction {#S0001}
============

Eating disorders which result in obesity may take part in pathogenesis of depressive disorders like a depressed mood caused by obesity. The relation between obesity and depression may vary in middle-aged and elderly adults as compared to young adults, as functional limitations and co-existing diseases connected, for example, with the ageing process, may lead to obesity and may also be related to mood changes \[[@CIT0001]\]. The relation between obesity and depression was the subject of many studies, however, the results of these studies are contradictory. In McCrea\'s research, a positive relation between depressive disorders and the BMI in young women was observed \[[@CIT0002]\]. In prospective observational studies, the existence of a relationship between the quality of the diet and depression and obesity was found \[[@CIT0003]\]. The most frequent cause of obesity is improper eating habits which include conditioned and unconditioned responses as well as emotional and mental ones which present a person\'s behaviour towards food \[[@CIT0004], [@CIT0005]\].

Recurrent depressive disorders, just like obesity, lead to numerous health complications. At present, the occurrence of both conditions is observed more and more often. According to a WHO report, approx. 300 million people have been diagnosed with obesity \[[@CIT0006]\]. Recurrent depressive disorders also belong to the most frequent pathological conditions occurring in the population. The risk of contracting the disease affects at least 10% of the adult population and is twice as high in women \[[@CIT0007]\].

The aim of the study was to assess the effectiveness of using a reduction diet by perimenopausal women over a six-month observation period.

Material and methods {#S0002}
====================

The study was conducted among 60 women treated for recurrent depressive disorders who reported to the Mental Health Outpatient Clinic at the Psychiatry Clinic of the Medical University of Białystok in the period from January to December 2014. Women aged 41-64 (mean: 52 ±5.3 years of age), whose average BMI at the moment the program started was 30.5 ±3.6 kg/m^2^. The main criterion for the selection of the group for tests was recurrent depressive disorders (diagnosed by a psychiatrist), according to the International Classification of Diseases (ICD-10) \[[@CIT0008]\]. The course of the disease up to date was assessed on the basis of the medical history and available medical documentation. The intensity of depression was assessed using the Hamilton Depression Scale (the 17-point version) \[[@CIT0009]\] as well as the Beck\'s self- assessment scale \[[@CIT0010]\]. Both patients with the first depressive episode (F32.0-F32.2) and patients with subsequent episodes with recurring depressive disorders (F33) were included in the study. The total duration of the disease was not longer than 5 years. The anti-depression treatment in progress included one antidepressant and possibly one sedative used on an as-needed basis. Persons with a diagnosed depressive episode secondary to the bipolar affective disorder, organic disorders of the central nervous system, addiction to psychoactive substances as well as with severe somatic diseases which can have a negative effect on the mood were excluded from the study.

Patients taking part in the study were informed about the purpose and methodology of the research and each patient expressed her written consent to the participation in the study. This research was approved by the local Bioethical Committee (Approval No. R-I-002/370/2014).

The patients' nutrition was assessed twice (during the baseline visit and after 6 months). During the baseline visit, before starting the dietary procedure, each patient was provided nutritional advice, the recommended low-energy diet was discussed, and the patients received a weekly meal plan with the daily calorie intake ranging from 1200 to 1500 kcal. Individual meetings were also held during which the patients learned how to calculate calories according to household measures and calorie content of basic food products. Check-up visits were held every month; eating habits were assessed and adjusted during those visits. The eating habits were assessed using a questionnaire developed at the Department of Dietetics and Clinical Nutrition, Medical University of Białystok. The questionnaire included questions, amongst other things, concerning the patients' sociodemographic situation and questions concerning the frequency of eating selected food products. The quantitative assessment of the diet was conducted using three-day diaries kept by the patients before their appointment with the dietician. The computer program Dieta 5.0 developed by the Food and Nutrition Institute in Warsaw was used for the assessment of the nutritional value of daily food rations. The sizes of portions of products and dishes were assessed using the "Album of photographs of products and dishes" prepared by the Food and Nutrition Institute in Warsaw \[[@CIT0011]\]. During the baseline visit and after 6 months of research, both the body weight and the waist perimeter were measured, and the body composition was analysed using a MALTRON BioScan 920-2 device manufactured by Maltron International TLD using electrical bioimpedance.

The final results were presented in the form of the arithmetic mean, standard deviation and percentage calculations. The statistical assessment of the results obtained was performed using STATISTICA 10.0 by StatSoft (using the χ^2^ test and Wilcoxon\'s signed-rank test). The relationship between selected variables was evaluated using the Spearman correlation coefficient, *p* \< 0.05 was adopted as the significance level in all the calculations.

Results {#S0003}
=======

Women with excessive body weight took part in this study: 50% of the subjects were overweight women and 50% -- obese women -- the average age for the entire group was 52 ±5.3 years of age. Among the subjects, 90% were married women with secondary or vocational education (50% and 24% of the experimental group, respectively). 28% of the subjects suffered from a single episode of depression, 2-4 episodes were observed in 15% of the subjects, 4 episodes of depression occurred in 57% of the subjects. 35% of the women received venlafaxine, 20% mirtazapine, 13% were treated with citalopram and another 13% with escitalopram and 105/10.5% sertraline and paroxetine. The average score on the Hamilton depression scale was 15.9 ±4.6 at baseline and 12.5 ±5.5 after six months (the difference was not statistically significant). The average number of points scored on the Beck scale decreased from 27.6 ±12.0 to 22.7 ±12.1 (the difference was not statistically significant).

After 6 months of following the weight loss diet, a decrease in the average body weight by 4.1 ±3.1 kg was observed ([Table I](#T0001){ref-type="table"}). The average BMI value decreased from 30.5 ±3.6 to 29.5 ±3.0 kg/m^2^. The body composition analysis revealed a reduction in the adipose tissue from 33.9 ±9.1 to 28.9 ±1.4 kg and an increase in the fat-free body weight from 46.7 ±4.9 to 47.6 ±4.4 kg (the difference was not statistically significant). The percentage adipose tissue content decreased from 40.2 ±5.4 to 37.7 ±4.7% (the difference was not statistically significant). A reduction in the subcutaneous fat content by 2.6 ±2.4 cm^2^ and the visceral fat by 74.5 ±45.6 cm^2^ was also found (the difference was not statistically significant). The percentage water content in the body increased from 47.4 ±4.3 to 48.8 ±3.0% (the difference was not statistically significant).

###### 

Body weight, BMI, body composition of women suffering from depression before and after 6 months of diet

  Variables                   Before intervention   After intervention   *P*
  --------------------------- --------------------- -------------------- --------
  Body weight (kg)            80.6 ±13.6            76.5 ±11.3           0.0581
  Body mass index (kg/m^2^)   30.5 ±3.6             29.5 ±3.0            0.1272
  Waist circumference (cm)    104.0 ±10.4           100.5 ±6.7           0.1780
  Fat mass (%)                40.2 ±5.4             37.7 ±4.7            0.7753
  Fat mass (kg)               33.9 ±9.1             28.9 ±1.4            0.0557
  Fat free mass (%)           57.9 ±5.3             62.2 ±7.5            0.2449
  Fat free mass (kg)          46.7 ±4.9             47.6 ±4.4            0.2739
  VAT (cm^2^)                 358.4 ±140.38         283.9 ±113           0.2616
  SAT (cm^2^)                 133.0 ±38.2           130.4 ±33.4          0.8056
  VAT/SAT                     2.7 ±1.7              2.2 ±1.4             0.2943
  Total body water (%)        47.4 ±4.3             48.8 ±3.0            0.2052

VAT -- visceral adipose tissue; SAT -- subcutaneous adipose tissue

[Table II](#T0002){ref-type="table"} presents the usual frequency of the consumption of selected products and dishes eaten by obese patients before and after the dietary intervention. It was found that the patients included in their diets wholemeal bread, grits, milk and dairy products, fish, vegetables and legume seeds too rarely. After using a six-month nutritional therapy, a significant increase in the wholemeal bread consumption was observed in the group of patients (*p* = 0.0475), lean pork (*p* = 0.0295) and legume seeds (*p* = 0.0077). It was concluded that the patients after the completed nutritional therapy consumed wheat bread (*p* = 0.0115), cream (*p* = 0.0117), fat pork (*p* = 0.0111) and eggs (*p* = 0.0081) more rarely. Also, the frequency of the consumption of lard and sweets decreased but these differences were not statistically significant.

###### 

Assessment of the frequency of consumption of selected food products by obese patients suffering from depression before and after dietary intervention

  Product           Before dietary intervention (%)   After dietary intervention (%)   *p*                                                 
  ----------------- --------------------------------- -------------------------------- ----- ---- ---- ---- ---- ---- ---- ---- ---- ----- --------
  Grits             0                                 4                                18    26   36   16   0    0    16   36   36   12    0.2044
  Wheat bread       52                                12                               14    6    10   6    40   24   24   8    4    0     0.0115
  Wholemeal bread   0                                 2                                14    42   32   10   4    16   36   44   0    0     0.0475
  Milk              28                                18                               20    14   6    14   40   8    16   20   8    8     0.0334
  Cottage cheese    10                                20                               24    30   10   6    4    16   28   40   8    4     0.2898
  Yellow cheese     6                                 12                               40    18   16   8    4    12   32   36   12   4     0.1367
  Yoghurt/kefir     18                                26                               24    16   6    10   24   24   24   16   12   0     0.2735
  Cream             6                                 14                               42    20   10   8    8    20   44   20   8    0     0.0117
  Fat pork          12                                4                                30    52   2    0    8    8    20   8    56   0     0.0111
  Lean pork         8                                 26                               40    20   6    0    8    40   36   8    8    0     0.0295
  Beef              0                                 0                                0     2    18   80   0    0    4    8    16   72    0.0149
  Chicken/turkey    0                                 14                               50    26   2    8    0    16   48   24   4    8     0.6352
  Goose             0                                 0                                2     0    8    90   0    0    0    0    4    96    0.4202
  Sea fish          0                                 0                                12    52   22   14   0    0    18   56   20   6     0.0867
  Eggs              0                                 22                               34    30   8    6    0    4    32   32   20   12    0.0081
  Vegetables        12                                28                               22    28   6    4    28   16   28   20   8    0     0.0642
  Potatoes          36                                32                               32    0    0    0    16   20   40   24   0    0     0.3035
  Potato dishes     0                                 10                               34    30   12   14   4    12   20   56   8    0     0.7377
  Legume seeds      0                                 0                                2     28   36   34   0    0    4    16   44   36    0.0077
  Fruits            58                                20                               20    2    0    0    60   16   24   0    0    0     0.2470
  Lard              0                                 6                                14    8    18   54   0    0    12   8    20   60    0.0800
  Vegetable oils    18                                52                               30    0    0    0    16   20   52   12   0    0     0.4845
  Sweets            30                                24                               34    12   0    0    8    20   20   20   12   20    0.2170
  Nuts              12                                12                               22    14   26   14   8    4    8    12   32   36    0.1214
  Beer              0                                 0                                2     6    20   72   0    0    0    8    8    84    0.4530
  Wine              0                                 0                                0     4    22   74   0    0    0    4    8    88    0.1113
  Vodka             0                                 0                                0     0    14   86   0    0    0    0    0    100   0.0410

Changes in the nutritional value and the content of selected nutrients in the patients' daily food intake during the dietary procedure are presented in [Table III](#T0003){ref-type="table"}. After the completed dietary intervention, a decrease in the average energy value of the food intake was found from 1928.0 ±591.8 kcal/day to 1596.7 ±376.0 kcal/day (the difference was statistically significant). The total fat consumption was also reduced, on average by 40.8 ±16.1 g/day, consumption of saturated fatty acids on average by 21.9 ±28.1 g/day, consumption of monounsaturated fatty acids on average by 14.0 ±13.1 g/day, consumption of polyunsaturated fatty acids on average by 4.9 ±3.8 g/day and the dietary cholesterol by 24.8 ±113.6 mg/day; the differences were not, however, statistically significant. The supply of carbohydrates increased in the subjects' diets on average by 12 ±78 g/day and dietary fibre by 2.1 g/day (the differences were not statistically significant). Also, a reduction in the percentage of energy from fat consumption and an increase in the percentage of energy from carbohydrates and proteins has been recorded, which may indicate a more frequent selection of low-fat protein products by the patients. Correlation analysis was used to evaluate the relationship among intensity of depression symptoms, anthropometric features and daily nutrients intake ([Table IV](#T0004){ref-type="table"}). No correlation was found between depressive symptoms and daily energy and nutrients intake. Additionally, no significant correlation was found between body mass index and nutritional value of the diets. No significant correlation was found between fat mass (%) and nutrients intake.

###### 

Nutritional value of daily food rations of studied women before and after dietary intervention

  Variables                Before intervention   After intervention   *p*
  ------------------------ --------------------- -------------------- --------
  Energy (kcal/day)        1928.0 ±591.8         1596.7 ±376.0        0.0234
  Total protein (g/day)    61.2 ±21.6            57.9 ±22.6           0.4990
  Animal protein (g/day)   38.4 ±19.2            38.5 ±16.1           0.9775
  Total fat (g/day)        85.0 ±31.8            44.2 ±27.0           0.5431
  SFA (g/day)              46.0 ±14.9            24.1 ±13.3           0.2316
  MUFA (g/day)             29.5 ±11.4            15.5 ±11.0           0.4768
  PUFA (g/day)             9.5 ±3.7              4.6 ±2.6             1.0000
  Cholesterol (mg/day)     240.9 ±130.5          216.1 ±117.0         0.4223
  Carbohydrates (g/day)    229.4 ±183.76         241.3 ±83.9          0.1420
  Fibre (g/day)            15.4 ±6.2             17.5 ±7.0            0.1155
  Protein (% E)            12.7 ±4.2             14.5 ±2.9            0.5807
  Total fat (% E)          39.7 ±10.8            24.9 ±7.6            0.1670
  Carbohydrates (% E)      47.6 ±8.8             59.4 ±6.7            0.1627

###### 

Correlation coefficients between intensity of depressive symptoms, anthropometric features and daily energy and nutrients intake in studied women (after dietary intervention)

  Variables             Intensity of depressive symptoms (Hamilton Depression Rating Scale)   BMI (kg/m^2^)   Fat mass (%)                       
  --------------------- --------------------------------------------------------------------- --------------- -------------- -------- ---------- --------
  Energy (kcal)         0.1214                                                                0.2400          0.0924         0.5230   0.0240     0.8690
  Total protein (g)     0.312                                                                 0.8800          0.0597         0.6800   --0.0235   0.8710
  Total fat (g)         0.1776                                                                0.3860          0.0529         0.7150   0.0262     0.8570
  SFA (g)               0.2153                                                                0.2910          0.0573         0.6920   0.0870     0.5480
  MUFA (g)              0.1152                                                                0.5750          0.0450         0.7560   0.0192     0.8950
  PUFA (g)              0.1384                                                                0.5000          --0.0673       0.6420   --0.2063   0.1510
  Carbohydrates         0.0914                                                                0.6570          0.0953         0.5110   0.0106     0.9420
  Protein (% E)         0.2991                                                                0.1380          --0.0058       0.9680   --0.0540   0.7090
  Fat (% E)             0.1730                                                                0.3980          0.0359         0.8040   0.0667     0.6750
  Carbohydrates (% E)   0.1039                                                                0.6130          --0.0378       0.794    --0.0420   0.7720

Protein (% E), Fat (% E), Carbohydrates (% E) -- daily protein, fat, carbohydrates intake expressed as a percentage of total energy intake

Discussion {#S0004}
==========

A lot of researchers emphasize the link between depression and obesity and the conclusions drawn from these mutual relations are not unambiguous. Some of them treat depression as a consequence of low self-esteem and dissatisfaction with one\'s appearance. There are also those who treat obesity as a consequence of reduced activity resulting from depression and "consoling oneself" by eating and also as a complication of antidepression treatment. The invariably high indexes of the occurrence of depression among obese people are quoted (44-51%) \[[@CIT0012]\]. In numerous clinical studies, it was observed that the co-occurrence of depression and obesity is related to poorer results of attempts to lose weight, therefore, it is necessary to identify the relation between depression and obesity better to improve the quality of life and also the weight-loss effects \[[@CIT0002]\].

In this study, after 6 months of using a weight-loss diet, an average decrease in the average body weight by --4 kg was observed. It also results from the authors' own research that the average number of points of the Beck scale decreased from 27.6 ±12.0 to 22.7 ±12.1 (the difference was not statistically significant). In other studies, it was shown that the patients' body weight reduction on average by 3.51 ±5.9 kg was accompanied by alleviation of depression symptoms (changes in the Beck score on average by --2.0 ±6.1 points) \[[@CIT0013]\]. In the presented studies, after the completed dietary intervention, the BMI was reduced. In research performed by Simon, it was observed that increased depression symptoms were related to a higher risk of obesity, while a higher BMI value was related to a higher risk of the occurrence of recurrent depressive disorders \[[@CIT0014]\]. In the authors' own research, it was found that also a reduction in the average adipose tissue value both in percentage values and in kilograms, subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) was observed, however the changes were not statistically significant. Perhaps this situation resulted from the size of the tested group. Williams obtained similar results -- he found that recurrent depressive disorders occurred more frequently in obese persons with a higher BMI index, a higher fat content and a higher waist perimeter \[[@CIT0015]\]. Akbaraly observed that the strongest predictors of depression included an increased volume of visceral adipose tissue, which was confirmed in research by other authors \[[@CIT0016]--[@CIT0018]\]. In the presented research, on the other hand, the average value of the fat-free body weight increased, both in kilograms and percentages. Other studies in women at the earlier stage of menopause point to positive effects of physical training not only for the body composition but also for physical condition. The studies among postmenopausal women showed that an increased number of steps per day is related to lower obesity as measured by the bioimpedance method (even in the case of controlling women\'s age and calories intake) \[[@CIT0019]\].

The analysis of the frequency of the consumption of selected groups of food products showed that the most frequent mistake committed by the tested patients before the dietary intervention was eating wholemeal bread, grits, milk and dairy products, fish, vegetables and legume seeds too rarely. Our results were consistent with results of other studies \[[@CIT0020]\], which showed numerous symptoms of a poor quality diet in this population. Similar results were obtained by Jastrzębska who showed in her research that everyday consumption of wholemeal bread was declared only by 22% of obese women, while grits were eaten by over 29% of the women taking part in the study only once a week. This author also showed that the consumption of milk and dairy products was declared by 37% of obese women \[[@CIT0021]\]. An assessment of eating habits of obese patients suffering from depression showed a very low consumption of legume seeds, which are very rich in vitamin B, potassium, iron and magnesium, which was also confirmed in research by other authors \[[@CIT0003], [@CIT0022], [@CIT0023]\]. After nutritional education, increased frequency of consumption of wholemeal bread, lean pork and legume seeds was observed among the patients. The frequency of the consumption of cream, fat milk and eggs was reduced. In the research conducted by Sanchez-Villegas, it was found that a high consumption of meat and meat products increases the risk of recurrent depressive disorders \[[@CIT0024]\]. In the research by other authors, it was observed that food intake of patients suffering from depression was characterised by a low consumption of vegetables, dry legume fruits with simultaneous predominance of meat and animal fats \[[@CIT0022], [@CIT0023]\]. In studies by Park, it was shown that women suffering from depression ate products such as meat, fish, legume seeds less frequently and they consumed milk and dairy products more often as compared to women without depression \[[@CIT0025]\]. In the presented own research, a small decrease in the frequency of consumption of lard and sweets has been stated, however, these differences were not statistically significant. The results of the research provide evidence that the eating style based on regular consumption of processed foods rich in refined cereal products, sweets and high-fat dairy products is related to a more frequent occurrence of depressive episodes and obesity as opposed to an eating style based on more frequent consumption of fruits, vegetables and fish, which was related to a lower occurrence of depressive episodes and obesity \[[@CIT0016]\]. Epidemiological data indicate the existence of a relation between fish consumption in individual regions of the world and the occurrence of depression \[[@CIT0026]\]. It was found that frequent consumption of fish and seafood was related to a reduced risk of single and recurrent episodes of depression \[[@CIT0026]\]. Research conducted in Spain on a large group of people showed that strict compliance with the Mediterranean diet based on high consumption of vegetables, fruits, grits, fish and legume seeds was related to a lower frequency of depression \[[@CIT0024]\].

Changes in the frequency of the consumption of selected food products were also accompanied by changes in the energy and nutritional value of whole-day food intake. After the completed nutritional intervention, a decrease in the average energy value of the food intake from 1928.0 ±591.8 kcal/day to 1596.7 ±376.0 kcal/day was found. The results obtained in other studies show that too high an energy value of a diet as compared to the demand may be a potential mediator of the relations between obesity and depression \[[@CIT0014], [@CIT0025]\]. The energy value of a diet similar to the energy value of the diet obtained before the nutritional education in the presented results was also obtained by Grossniklaus (1899.8 ±490.9 kcal/day) \[[@CIT0023]\]. In other studies which assessed the eating style of depression patients, on the other hand, a considerably lower calorie value of the diet was obtained 1524.5 ±46.5 kcal/day \[[@CIT0025]\]. In the food intake of the subjects, the supply of proteins was too high as compared to the demand, both before and after dietary intervention. In research by other authors, the average protein content in the food intake of subjects suffering from depression differed slightly from the values presented in this study and it was equal to 59.2 g/day in Park\'s study and 69.1 g/day in Grossniklaus\'s study \[[@CIT0023], [@CIT0025]\]. In the presented research, the fat supply was too high as compared to the demand at the beginning of the dietary therapy -- 85 ±31.8 g/day in total, however, after the end of the intervention, the fat supply was reduced to 44.2 ±27.0 g/day. After 6 months of the dietary therapy, a clear decrease in the excessive supply of saturated fatty acids was also observed from 46 ±14.9 g/day to 24.1 ±13.3 g/day. Appelhans concluded in his studies that the nutritional style of obese patients suffering from depression was characterized by too high consumption of saturated fatty acids and too low consumption of polyunsaturated fatty acids \[[@CIT0022]\]. Similar results were observed by Sanhueza \[[@CIT0027]\]. In the authors' own research, a low consumption of mono- and polyunsaturated fatty acids should be also emphasized both at the beginning and at the end of the study. The food intake of depression sufferers is very often characterised by an incorrect structure of fatty acid consumption with too high consumption of saturated fatty acids \[[@CIT0024], [@CIT0027]\]. It was found that an increased incidence of depression occurs in regions with low consumption of omega 3 acids which results from rare consumption of fish \[[@CIT0026]\], which was also confirmed in the presented results. In an assessment of carbohydrate consumption in the food intake of the subjects, the supply of carbohydrates was too low as compared to the demand \[[@CIT0028]\], both before and after dietary intervention. A diet rich in carbohydrates contributes to changes in insulin and glucose levels in the blood, which stimulates the release of tryptophan from protein and its further conversion to a serotonin neurotransmitter \[[@CIT0029]\]. On the other hand, a high content of carbohydrates in the diet, in particular, simple ones may promote obesity \[[@CIT0030]\]. On the basis of his research, Appelhans observed that depression was related to poorer quality of the diet, namely, with a higher percentage of energy from saturated fats and simple carbohydrates \[[@CIT0022]\].

In the present study, no significant correlation was found between depressive symptoms, anthropometric features and daily energy and nutrients intake. However, a correlation between intensity of depressive symptoms and majority of nutrients intake was positive. Most of the studies have shown a positive correlation between the body mass index and excessive intake of dietary fats \[[@CIT0004], [@CIT0007]\]. On the other hand, the findings support the notion that the negative association commonly observed between fat mass and daily protein and carbohydrates intake (expressed as a percentage of total energy intake) explained benefits of increasing dietary intake of carbohydrates. In the presented studies, after the completed dietary intervention, the anthropometric features and average daily intake of majority of nutrients was reduced.

The long-term effect of the nutritional therapy performed indicates the need for intensive dietary education, including more diet-related trainings and intensified cooperation between patients and dieticians for correct selection of food products.

Conclusions {#S0005}
===========

It seems that the dietary procedure which is aimed at obtaining the most advantageous effects of the reduction in the body mass of obese patients suffering from depression should be based not only on reduction in the energy and nutritional value of the diet, but it should also take into account actions aimed at introducing changes in the eating habits.

Proper nutritional education aimed at this group of patients may contribute to changes in the eating style and, as a result, to gradual reduction in the body weight and improved quality of life.
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